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ACOUSTIC EFFECTS OF MARINE FOULING ON TRANSDUCERS

Prepared by:
R. J. Urick

ABSTRACT: Underwater objects always acquire a growth of
marine organisms when left in the water for a period of time.
When a natural growth of fouling occurs on a hydrophone, a
reduction of its sensitivity and a deterioration of its beam
pattern may be expected. In order to estimate the severity
of these effects, a small selection of hydrophones were
measured after they had remained in Chesapeake Bay during the
growing season of 1961, Measurements of beam pattern and
receiving response were made in the fouled condition and
after the fouling had been cleaned off. Reductions of axial
sensitivity ranging from zero to 10 db were found in the
frequency interval 1 to 20 kc. Appreciable, though not
severe, effects of the fouling on the hydrophone beam
patterns were observed. Additional work is needed for making
prediction estimates for surveillance systems or other uses.

Physics Research Department
U. S. Naval Ordnance Laboratory
White Oak, Silver Spring, Maryland
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A virtually unknown aspect of underwater acoustics
concerns the effect of fouling by marine organisms on the
acoustic performance of transducers. This report describes
the degradation produced by marine growth on a number of
hydrophones that had accumulated a summer's growth of
fouling in Chesapeake Bay. A tentative hypothesis to
explain the observed effects is described. The work was
done as part of the Laboratory's Foundational Research
Program.

The work described in this report is in large part that
of other individuals. Grateful acknowledgement is made to
Dr, F., Swartz of the Chesapeake Biological Laboratory for
his careful description of the fouling organisms; to
Mr. J. J. Greene of NOL Test Facility, Solomons, Md. for
mounting, placing and removing the units; and to
Mr. P. C. Rand of the NOL Acoustic Facility, Brighton, Md.
for making the acoustic measurements.

R. E. ODENING
Captain, USN
Commander

Z. I. SLAWSKY
By direction
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FIGURES

A hydrophone on removal from immersion for a

period of 13 months in St. Andrew's Bay, Panama
City, Fla. The large shells are oysters, the

small circular shells are barnacles. This photo-
graph is included to show an extreme condition of
fouling; the hydrophone was not among those mea-
sured for this report.---=ceccccccccccccccccsceccna-

Hydrophone No. 1, fouled ------ ettt LI IIL DL it
Hydrophone No., 1, cleaned =~=--e-eccccccmcnccncecca-

Hydrophone No, 1, patterns in plane containing the
axis at 5 kc and 20 k€ ~-=-cccccmcccccccncrcccncnan

Hydrophone No, 1, patterns in plane at right angles
to axis at 5 kc and 20 k¢ -e--cccecccccccccccnaca—-

Hydrophone No. 1, axial response curves, 1-20 k¢ --
Hydrophone No. 2 (right hand side, partially
visible) and Hydrophone No. 4 (left hand side,
cluster of units), fouled =---ceccccccrcnccancacnaa-

Hydrophone No. 2, cleaned. Sensitive portion at
bottom; remainder is a pre-amplifier -----v-cevae--

Hydrophone No. 2, patterns in plane containing the
axis at 5, 20, 40 kC =~ccc-cccccaccrccccccncccceca-

Hydrophone No. 2, patterns in plane at right angles

to axis, ®, 20, 40 KC ~--cccccccmccccccccccccnccna=
Hydrophone No, 2, axial response curves, 1-20 kc --
Hydrophone No. 3, fouled ~----reemceccrcccccnccccna.-
Hydrophone No. 3, cleaned ===--cccccccccccncccnacn=
Hydrophone No. 3. beam patterns at 10, 20, 40 kc --

Hydrophone No. 3, axial response, 7-40 k¢ ~--------

Hydrophone No. 4, patterns in plane containing the
axis at 5 and 20 k¢ --c-ccceccnrccncrr e

Hydrophone No, 4, axial response, 1-20 k¢ ~=-ccee--
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INTRODUCT ION

Like other underwater objects, transducers for producing

or receiving sound soon acquire a growth of biological
organisms when left in the sea for any length of time. Such
biological fouling may be expected to be a normal occurrence

on units that remain on the bottom for a period cf time, such

as transducers used for surveillance purposes. The fouling
may be expected to produce a deterioration in the performance
of the transducer, as well as to affect both its sensitivity
and directional characteristics. One would guess that a
fouled transducer would be less sensitive and less direc-
tional - both as to its main beam and side lobe characteris-
tics - than the same unit after the fouling is removed. A
layer of barnacles, oysters, polyps, etc., would both atten=
uate and scatter sound so as to deteriorate the performance
of the transducer on which the layer is growing. While this
is the expectable effect, its magnitude is unknown. For
example, it is not known whether a relatively light growth of
organisms has any practical importance, nor is it known when
a transducer must be removed for cleaning off of its active
face. The literature on the subject is practically non-exis-
tent (see Appendix). Fig. 1 is an example to show what
happens to a hydrophone when left in the water for some
month; at a location especially favorable for biological
growth,

MEASUREMENT PROCEDURE

A number of transducers of different types were placed
in Chesapeake Bay at the NOL Test Facility at Solomons, Md.
The water depth at the site was 10 feet, and the location was
one of gentle tidal currents. The various hydrophones were
fastened to a frame and placed in the water on May 26, 1961.
They were kept there until October 20, 1961, when the units
were removed for measurement. A nearly full growth of
organisms took place during this period of about 5 months.
A longer stay in the water would have incurred the risk that
some of the attached growth would be killed by the rapidly
falling temperature of the water.

The hydrophones were removed from the mounting frame,
wrapped in soft wet burlap wadding and carried by truck to
the NOL Brighton Dam Acoustic Facility for measurements.
This involved a two-hour trip, with measurements that same
day for many of the units, and at most a delay of 24 to 30
hours between removal and measurement. Immersion in the
fresh water of the calibration site was kept to a minimum,
not exceeding 2 hours,
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Measurements of frequency response and beam pattern were
made with the regular equipment of the Station, first in the
fouled condition and then in the clean condition after
removal of biological growth. Pen-and-ink records for the
two cases were made on the same sheet with all other condi-
tions (gains, distances, etc.) remaining the same, so that
the differences in response that are of immediate concern
become readily apparent. A thorough biological description
of the growth on the transducers was provided by
Dr. F. J. Swartz of the Chesapeake Biological Laboratory,
through inspection and study of the hydrophones shortly
before final removal.

A small selection of receiving hydrophones was used for
the study. One type, called Hydrophone No. 1, was a line
hydrophone approximately two feet long, comprising an array
of twelve coaxially mounted ceramic cylinders. Hydrophone
No. 2 was the well-known AX-58 hydrophone, with preamplifier,
widely used in low frequency underwater sound measurements.
Hydrophone No. 3 was an ADP flat-faced transducer 13 inches
in diameter, designed and made by NRL under the designation
XQB, having a sharply resonant response at 26 kc. Finally a
number of small broad-band ceramic hydrophones (Hydrophone 4)
of uncertain design and unknown designation were tested.
Photographs of these various units are given later in this
report.

DESCRIPTION OF THE FOULING

As will be seen from the photographs to follow, all the
hydrophones had accumulated a greater or lesser amount of
biological growth by the time they were removed and measured.
On some hydrophones, notably the type designated No. 1, a
complete covering of dense growth was formed; on others,
notably the hydrophones No. 4, the growth was sparse. The
growing organisms were principally of three types: soft
jelly-like lumps 1/3 to 1 inch in diameter, identified as sea
squirts (Mogula manhattensis): hydroid strands of coarse,
soft, hairy-like material, identified as Bouganvillia
carolinensis; and barnacles, 1/4 - 3/4 inch gn size, (Balanus
zmgrovIsusi. In addition, occassional waifs were found in

s mass of material, notably a few small mud crabs, mussels
and sea anemones,

Although these organisms were encountered on all hydro-
phones, the amount and proportion of the three principal
constitents of the population differed among the various
hydrophones, probably as a result of a different composition
of the transducer face material, and the acoustic effects
produced differed among the various units.

2



NOLTR 62-18%

SUMMARY OF RESULTS

Appendix II gives a selection of frequency response
curves and beam patterns for the various hydrophones, together
with a description of the hydrophone and the type of fouling
encountered, Two curves, one fouled and one clean, are shown
on each figure for comparison, Other frequencies and orien-
tations besides these included were measured, but the figures
included give a fair sample of what was found for the various
units.

The acoustic effects of the fouled growth may be
summarized as follows., On the hydrophones tested the fouling
appears to produce

(1) a reduced axial sensitivity (receiving response) by
amounts ranging from O to 10 db, with the greatest reduction
in the frequency band of maximum response.

(2) a deterioration in beam pattern, in which the reduc-
tion of sensitivity is less for the side lobes than for the
main beam. Thus, the side-lobe discrimination is less in the
fouled condition than in the absence of fouling,

(3) sometimes, a smoother beam Pattern, with the deep
dips of the clean pattern "filled up" in the fouled condition.

(4) no effect on the response of a small "point" hydro-
phone (No. 4) as contrasted to arrays like Nos. 1 and 3.

DISCUSSION

The measurements made here throw only a <little light on
the processes by which an attached fouled layer affects the
open-circuit response of a hydrophone., A number of processes
may be imagined, all of which may contribute to producing the
observed effects, First, the fouling may behave merely as a
homogeneous slab of material between the water on one side
and the sensitive element on the other, so as to produce a
transmission loss and an effect on the receiving response;
this process is, however, probably insignificant, since the
fouling has neither the homogeneity, thickness, nor the
density and velocity contrast required to have an appreciable
effect. A more important effect would be produced by the
mass loading of the fouling on the vibrating hydrophone
elements. Because of the uneven distribution of growth, this
loading will be different on different portions of the sensi-
tive area, and would not only tend to reduce the sensitivity
of the vibrating elements irregularly, but would destroy the

3
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regularity of phase needed to form a good beam pattern, A
third effect is absorption and scattering by gas pockets in
and among the living organisms. Finally, and perhaps most
important, hard growths like barnacles and oysters would tend
to scatter the incident sound and so change the phase response
of the individual elements of the array.

The data suggest that fouling (of the type encountered
here) on a hydrophone array has its principal acoustic effect
in destroying the phase equality needed to form a directional
beam, The most reasonable explanation of the data is that the
fouled growth produces scattering and/or differential loading
on the array elements, and thereby destroys the equality of
phase in the direction of the beam axis., This hypothesis is
suggested by (1) the absence of notable fouling effects on the
small (6") hydrophone (No. 4), (2) the greater reduction of
sensitivity on the beam axis than on the side lobes of
directional patterns (No. 3), and (3) the smaller effects at
high frequencies, above the frequency band of maximum response,
than at low (No. 1). 1In other words, the fouled growth
appears to randomize the phase response of the array elements,
and so change the delicate phase equality along the beam axis
required for a well-formed beam pattern.

It will already have been apparent that the work described
is insufficient to make anything more than a guess as to what
to expect for other hydrophones placed in other locations.

This calls for an understanding of the acoustic processes
involved, as well as an estimate of the type and amount of
growth to be expected on the surface of the hydrophone - which
may or may not have been chemically treated to retard fouling.
Estimates of this sort might be based on studies like those
made by the Hydregraphic Office on the types and growth of
fouling off Norfolk, Va. (see Appendix I), '

A subject entirely neglected so far is the effect of
fouling on sound projectors, as contrasted to hydrophones,
especially on resonant, tuned projectors, where the growth
would change the radiation impedance of the transducer and
produce a mis-match to the impedance of the power source.
Thus, what has been described here should be viewed as the
results of a short pilot study intended only to give an indi-
cation as to order of magnitude of the expectable effects.
Much additional work is needed before valid predictions can be
made. Such predictions may be urgently needed at any time in

the near future in connection with shallow-water surveillance
systems.
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SUMMARY

A small number of hydrophones of four different types,
placed in a biologically favorable area and left to accumulate
a fouled growth during an entire growing season, showed reduc-
tions of axial sensitivity of between zero and 10 db depending
upon the hydrophone, the amount of fouling, and the frequency,
In addition, the side-lobe pattern shows some tendency to
become smoother, with the side-lobe peaks tending to become
higher, relative to the main lobe, in the fouled condition.
The measurements suggest that the principal acoustic effect of
the fouling is to destroy the phase relationships among the
elements of the array, as by scattering or differential load-
ing. However, this brief study has yielded only a suggestion
of the acoustic processes involved, and provides merely a j
start toward prediction of the fouling effects to be expected g
at other locations. 5
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APPENDIX I

Only two references to the degrading of performance pro-
duced by fouling on transducers (rather than sonar domes,
which have been greatly studied) have been found. In NDRC
Summary Technical Report Div. 6, Vol, 12, "Crystal Trans-
ducers”, it is said that measurements on a magnetostrictive

UCDWR Type CQ6Z transducer (which had accumulated a 3-4 month

growth of fouling) showed that the transmission was "very
materially reduced" and the directivity patterns were "very
badly distorted". No details or quantitative data are given.
Another reference to the effects of fouling is a report by
J. W. Fitzgerald and others, "Corrosion and Fouling of Sonar
Equipment" Part I, NRL Report 2477, Mar 1947 (Unclassified),
where the problem of prevention of fouling of sonar trans-
ducers was described and attacked. This report quotes some
observations of fouling effects on a JK-1 transducer made by
W. K. Lyon of the USN Radio and Sound Laboratory (the
predecessor of NEL) and reported in an internal memorandum
of that Laboratory.

Two reports on the biological fouling to be expected in
the open ocean near the mouth of Chesapeake Bay are the
following:

W. E. Maloney "A Study of the Types, Seasons of Attach-
ment and Growth of Fouling Organisms in the Approaches
to Norfolk, Va.", U, S. N. Hydrographic Office Tech.
Report 47, 1958,

F. M. Daugherty, Jr. "Marine Biological Fouling in the
Approaches to Chesapeake Bay", U. S. N. Hydrographic
Office Tech., Report 96, 1961.
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APPENDIX II

In this appendix, a number of beam patterns and response
curves for the four hydrophones tested are given, together
with a short description of the hydrophone, the fouling, and
the acoustic effects observed, It will be noted that the
hydrophones consist of two array types, one linear (No. 1)
and one planar (No. 3), and two "point" types (Nos. 2 and 4)
for which the sensitive portion is relatively small in size.
The patterns and response curves given are photographs of
those obtained by Mr. Rand, in which the traces for the fouled
and cleaned unit were made on the same record sheet with the
same gain settings.
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HYDROPHONE NO. 1
Type: No designation

Description: Array of twelve cylindrical ceramic elements;
overall length of the active portion 22 inches.

Ere*uenc Responsé: Gently falling sensitivity in the region
with the fouled sensitivity less by amounts
ranging from 3 to 12 db.

Beam Pattern: There is a slight widening, amounting to a few
degrees, of the main beam at 20 kc. The fouled patterns are
smoother than the clean, with reductions of sensitivity on
the side lobes and an absence of deep dips at the nulls.
These occur generally at the same angles. The reduction of
sensitivity is somewhat greater for the main beam than for
the sidelobes, so that in this regard there is a deteriora-
tion of the pattern in the fouled condition. There is only a
slight variability in the pattern in the plane at right
angles to the hydrophone axis.

Description of Fouling: Heavily fouled. Sea squirts covered
the entire surtace of the unit, together with hydroid strands
averaging about an inch in length. Scattered as undergrowth

to this material were barnacles occupying about a fourth of
the face area, and a few mud crabs and mussels,
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HYDROPHONE NO, 2
Type: BM-111A(AX-58)

Description: Crystal unit approximately 4 inches long

Frequency Response: Fouled sensitivity is 4 db less in the
reggon 3-10 kc; the difference between the fouled and clean
sensitivity diminishes to zero above 15 k¢ (where the response
is some 15 db less than below 5 kc) and below 2 kc.

Beam Pattern: At 5 kc, pattern is nearly circular for both
cases, with a difference between 3 and 7 db, At 20 kc, the
fouled pattern shows reductions on the lobes, with little or
no reduction in sensitivity at the nulls. The "filling-in" of
the nulls is particularly pronounced at 40 kc. The pattern is
poor in both cases at these frequencies; this unit was inten-
ded to be a low-frequency, non-directional hydrophone.

Description of Fouling: 10% of the surface area was covered
with barnacles, and 10¥ area was covered with hydroids
(Bryozoans, sea squirts). Remainder of transducer face
unfouled. Brass top cap, however, was completely fouled.

s R
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HYDROPHONE NO., 3
Type: NRL type XQB

Description: Flat faced crystal mosaic, tuned at 26 ke,
diameter 13 inches.

Freguenc§ Response: Response is 4 db less in fouled condition
at the 26 kc resonance peak. There is an increasing differ-
ence toward lower frequencies, becoming 8 db at 7 kc, and
gecreasing difference toward higher frequencies, becoming only
1 db at 40 kec.

Beam Pattern: Very little deterioration of the pattern, At
26 kc, the touled pattern is even somewhat superior, with
lower sidelobes than the cleaned pattern. The width of main
beam is the same before and after fouling.

Description of Fouling: Face covered almost completely with
small EarnacIes 5-6 mm diameter (Balanus improvisvs), on top
of which were large sea squirts. Large patches of dead
barnacles are evident in the photograph.

10
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HYDROPHONE NO. 4
Type: No designation
Description: Ceramic cylindrical unit 6-inches long.
Ereguency Response: No difference between the fouled and
cleaned condition apparent below 7 KC. Above this frequency,
where the response begins to fall off, the difference amounts
to only 1 to 2 db.
Beam Pattern: Pattern is nearly circular at 5 KC, with not
more than 1 db of difference, fouled and cleaned, At 20 KC,
the patterns are also essentially similar, with similar nulls

and main lobes, although as much as 5 db of difference exists
on the side lobes,

Description of Fouling: Unit was only siightly fouled.
Approxfmateiy 10¥ of area was covered by barnacles, with a
5 - 15% covering of sea squirts.

11
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HYDROPHONE NO I, FOULED

FIG 2
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FIG.12 HYDROPHONE NO.3, FOULED
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FIG. 15 HYDROPHONE NO.3, AXIAL RESPONSE, 7- 40 KC.
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